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SUPPLEMENTARY INFORMATION 
 
Peptide Library Screening (“Biopanning”):  

A commercial combinatorial phage display peptide library 
(PhD12 kit, New England Biolabs, Beverly, MA USA) was used 
to identify peptides that bind to BaTiO3. Tetragonal BaTiO3 
powder (99.9% purity, Alfa Aesar, Ward Hill, MA USA) was 
washed with a 150 mM NaCl solution containing 50 mM tris-
(hydroxymethyl)-aminomethane buffer and 0.5% Tween-20 
detergent (referred to herein as 0.5% TBST). The phage solution 
was incubated with the BaTiO3 powder in a 0.5% TBST solution 
(10 μl of phage solution to 5 mg BaTiO3 to 1 ml 0.5% TBST) for 
1 h at room temperature with continuous rotation (25 rpm). The 
BaTiO3 particles were then washed ten times with 0.5% TBST 
solution to remove any unbound or loosely-bound phage particles, 
after which the bound phage were eluted by incubation for 10 min 
in 0.2 M glycine-HCl pH 2.2. The supernatant was removed from 
the BaTiO3 by centrifugation and then neutralized with 1M Tris-
HCl pH 9.1.  The eluted phage particles were amplified through 
infection of Escherichia coli strain ER2738 grown in Luria Broth 
(LB).  The biopanning process (exposure of amplified phages to 
BaTiO3, washing with TBST, acid elution, amplification) was 
repeated four more times to further enrich for BaTiO3-binding 
phages. The first 3 biopanning cycles were conducted with 0.5% 
TBST wash solutions, whereas the final 2 cycles were conducted 
with a more stringent 0.8% TBST wash solution.  After the final 
round of panning, E. coli ER2738 were infected with the eluted 
phage and spread on LB plates containing 5-bromo-4-chloro-3-
indolyl-ß-D-galactoside (X-gal, Invitrogen, Carlsbad, CA USA) 
and isopropyl-ß-D- thiogalactoside (IPTG, Invitrogen). DNA was 
isolated from blue plaques and sequenced using a 3100 Avant 
(Applied Biosystems, Foster City, CA USA) automated 
sequencer.  
 
Precipitation Experiments:  

Synthetic peptides were obtained from a commercial vendor 
(New England Peptides, Inc., Gardner, MA USA). The 
concentrations of the synthetic BaTiO3-binding peptides were 
determined by spectrophotometric analysis at 280 nm, using the 
molar extinction coefficients of tryptophan and tyrosine. 

Precursor salt solutions of barium acetate (Ba(OOCCH3)2, 
99.99% purity, Alfa Aesar) and potassium bis-
(oxalato)oxotitanate (IV) (K2(TiO(C2O4)2.2H2O, 99% purity, Alfa 
Aesar) were prepared with 0.2 μm filtered 18.2 MΩ H2O (Nano-
Pure Diamond Ultrapure Water System, Barnstead International, 
Dubuque, IA USA). The K2[TiO(C2O4)2].2H2O solution was 
prepared by adding an appropriate amount of this salt to water 
and then briefly heating in a microwave to enhance the rate of 

dissolution, followed by cooling to room temperature. An 
aqueous precursor salt solution of 2.5 mM K2[TiO(C2O4)2].2H2O 
was then mixed with an equal volume of an aqueous solution of 
2.5 mM Ba(OOCCH3)2. The pH of the resulting mixture was 6.8. 
The BT1 and BT2 peptides, and the control peptides CON1 to 
CON5, were water soluble. Aqueous solutions of these peptides 
were prepared at 20 mg mL-1 concentrations. The CON6 peptide, 
however, could not be completely dissolved in water at this 
concentration. Instead, the CON6 peptide was dissolved in a 1:3 
solution of N, N-dimethyl-formamide in water at a peptide 
concentration of 20 mg mL-1.  Precipitation assays for the BT1, 
BT2, and control peptides were initiated by the addition of 20 μL 
of a given 20 mg mL-1 peptide solution to 200 μL of the precursor 
(barium acetate/potassium bis(oxalate) oxotitanate (IV)) solution. 
After incubation for 2 h, the solutions were centrifuged for 5 min 
at 13,200 rpm, washed three times with H2O, and then with 
methanol. Finally, the precipitates were dried for 30 min in a 
vacuum centrifuge (Eppendorf North America, Inc., Westbury, 
NY USA) at 30oC.   

 
Precipitate Characterization: 

Scanning electron microscopy was conducted with a field 
emission gun microscope (Leo 1530 FEG SEM, Carl Zeiss SMT 
Ltd., Cambridge, UK) equipped with an energy dispersive x-ray 
spectrometer (INCA EDS, Oxford Instruments, Bucks, UK). 
Transmission electron microscopy was conducted with a JEOL 
4000 EX instrument. X-ray diffraction analyses were conducted 
with Cu Kα radiation using an X-Pert Pro Alpha 1 diffractometer 
equipped with an incident beam Johannsen monochromator and 
an Xcelerator linear detector (PANalytical, Almelo, The 
Netherlands).   

 

 
 
 
 

Figure S1. BaTiO3 precipitates formed at room temperature upon 
exposure of the BT1 peptide to an equimolar (Ba:Ti = 1:1) aqueous 
precursor solution. (a) SE and (b) TE images of the precipitates. (c) SAED 
pattern, consistent with crystalline BaTiO3, obtained from the faceted 
particles. 
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Figure S2. XRD pattern, consistent with crystalline BaTiO3, obtained 
from precipitates formed at room temperature upon 2 h exposure of the 
BT1 peptide to an aqueous precursor solution.    

 

 

 

 

 

 

 

Figure S3. Precipitates formed at room temperature upon exposure of the 
basic CON3, CON2, and CON6 peptides to an equimolar (Ba:Ti = 1:1) 
aqueous precursor solution. (a) TE image and (b) SAED analysis of the 
CON3-induced precipitates, (c) TE image and (d) SAED analysis of the 
CON2-induced precipitates, and (e) TE image and (f) SAED analysis of 
the CON6-induced precipitates.  These SAED analyses are consistent with 
amorphous material.   

Table S1.  Control Peptides. 

Peptide Amino Acid Sequence pIa 
CON1 VLPPAIADAPLG 3.8 
CON2 VVPLGMELRPRP 9.6 
CON3 FAVNPSKPAYFKGGGW 9.7 
CON4 LATPFTATSATGGGGW 5.5 
CON5 SPGLSLVSHMQTGGGW 6.5 
CON6 NTISGLGYAPGM 5.5 

aIsoelectric point calculated using pI/mass program 
at http://ca.expasy.org. 
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